The origins and principles of free software and of open-source 1 software (OSS) may lead the casual observer to conclude that they are a world apart from-if not opposed to-more traditional software development, use, and evolution. An alternative view sees OSS as essentially an alternative business model which provides types of flexibility, opportunity, and benefits different than those provided by the conventional model. IBM was among the earliest of the major computer companies to embrace opensource software and was probably the first to realize that doing so could be consistent with our business goals. Indeed, a problem with which IBM has long contended is that of how to provide to our customers internally developed software that was not planned to be a product, without the inevitable support and product issues.
IBM's business strategy has long been centered around open standards, both for hardware and software, wherever that is feasible and practical, and IBM has taken an active role in the development of standards related to the company's business.
Early on, it was perceived that OSS offered interesting opportunities with respect to these activities, and that as a result, there were many reasons to investigate how best to integrate opensource software with our business.
BEGINNINGS
In December of 1998, an effort was first made to understand the broad strategic implications for IBM of open-source software. At that point, it was clear that the OSS phenomenon was taking hold in a substantial way. Most visibly, Linux** was starting to appear widely in the media, but more importantly, parts of our customer organizations were starting to pay attention, with Linux reportedly being used in some cases without the involvement or blessing of corporate IT organizations. Quickly, we realized that whether this evolved into an important force or whether it remained a minor fad, & IBM's business strategy has long been centered around open standards & the potential was such that it was important to understand its implications for our customers and for us and be able to respond appropriately. Before 1999, our involvement was on a case-by-case basis.
It was apparent that some new IBM employees were aware of OSS and the collaborative aspects of the OSS model. Students newly completing their Ph.D. degrees joined IBM after having done their thesis work and making it available to the world, often under an established open-source license. Allowing them to continue working in their thesis area and continue to contribute to the open-source project that they had initiated while in school stretched the limits of IBM's standard business practices. At the same time, it provided an early warning of the issues involved with OSS.
An important issue was the quality of software that was produced by open-source communities and their collaboration. Much of IBM's product software development was historically quite structured, with substantial initial planning and design, followed by implementation, unit and system testing phases, and of course ongoing support and maintenance. Many at IBM had the impression-partly from what appeared in the business and technical press-that open-source software efforts were closer to the other end of the spectrum in terms of structure and management discipline, and they were accordingly skeptical that the quality of the open-source software produced could be sufficient to be relevant to us and our customers. As this work was going on, its urgency was growing. IBM had released a binary-only version for UNIX** of Jikes, a compiler for Java**, through our alphaWorks* Web site 2 in early 1997. This was quite successful, but its success was only a prelude to the release of a Linux version of the same code in midJuly 1998, which was downloaded at seven times the rate of the non-Linux versions. Requests for the source code followed rapidly, and at roughly the same time as we were beginning to understand the larger, strategic implications, the source code for Jikes was released in late 1998 under a rather liberal license based on the Apache** license. 3 One of our first and most memorable experiences with OSS followed the Jikes source code release. Within eight hours of the release, a programmer in California sent an e-mail to the Jikes authors containing a non-trivial enhancement to the compiler, one which required investing some time and effort to understand the code.
From the outset, it was clear that a host of legal and business considerations needed to be understood if IBM was going to participate in any OSS activities in a meaningful way. Much of the participation and development of OSS at that time was done by individuals acting on their own. 4 There were some early efforts that were more organized and which involved small companies, but these were, for the most part, companies organized around their opensource participation. A few notable examples included companies that were using open source in their own operations and contributing enhancements and development to it for the broader good.
IBM, of course, had a large software business, which could not be put at risk; therefore, it was important that any risks associated with OSS be identified, and the legal, strategic, and business issues surrounding open source and its licensing be understood. Where needed, procedures would have to be established to ensure that our participation was principled and appropriate.
We were fortunate that we could draw upon a number of resources for our education, both in print 5, 6 and by interviewing knowledgeable people in the field. From the beginning, the participation of attorneys, as well as business and technical people, was encouraged.
Ultimately, we had to judge as well as we could how the industry would evolve and determine how to respond in terms of our OSS activities. We judged, even as early as 1999, that Linux had at least a modest chance for significant success and that our involvement could significantly improve that chance. We also saw in Linux the possibility of having a unified operating system on our platforms in a way that seemed achievable (and has since been largely realized). Our emphasis with respect to Linux has been to make it fit better into the enterprise environment.
More generally, a strategy was planned that allowed us to add value for our customers in the areas where our ability to do so was greatest. This was clearly in the broad area of what is called middleware, and not in operating systems, because our enterprise customers benefit more directly from middleware functions than from operating-system functions; analogous statements can be made in other areas. Consequently, our strategy for open-source participation was one which effectively minimized the distinctions at the operating-system level and allowed us to retain the ability to differentiate where we could have the greatest impact.
THE KEY LEGAL ISSUES
Because software is a form of tangible expression, it is legally covered by copyright law. As with any such work, the copyright owner, initially the author, has the exclusive right to copy and distribute his software work and to prepare derivative works thereof. A copyright owner may choose to grant all or some of these rights to others by means of a license. A software license may also include grants of other intellectual property rights, such as patents or trademarks, and it may include constraints or requirements that apply to a recipient. Open-source Another legal consideration was the proliferation of licenses used for open-source projects. None of these licenses had been interpreted by any court, and they varied greatly in terms of their legal robustness and completeness. Many of them were unclear with respect to the granting of intellectual property rights. As a commercial organization, we felt it was important to encourage a model in which commercial products could be based on open-source efforts, and we needed to identify a license that would permit such a model. Lastly, a variety of considerations arise in establishing and maintaining good legal practice between proprietary and open-source activities. These considerations can be dealt with through education of employees, through proper procedures and documentation, and by participating in OSS efforts through protocols that provide sufficient insulation and isolation from a company's proprietary efforts, while allowing them and the community the benefits of OSS involvement. In early 1999 when we were exploring these issues, open source was successful in a set of important but somewhat circumscribed areas that can be categorized as ''infrastructure.'' This category includes extremely important, but often hidden, software, including, Linux (operating system), Apache (Web server), DNS (domain name service, a key part of the software which ''runs'' the Internet), GCC (the GNU compiler collection), and others.
BUSINESS CONSIDERATIONS
Software that is directly visible to end users, or even to application developers, such as the middleware and application software which is of most concern to IBM's key market and decision makers, was not a major area of open-source activity, although this is beginning to change. As a result, open source did not pose an immediate threat to our existing businesses, and in fact, our products could benefit from supporting and building on open source. The key example of this is the WebSphere* Application Server, which is built using the Apache HTTP (HyperText Transfer Protocol) server as a key component. 
Globus alliance
The goal of the Globus Alliance Project is to promote grid computing and provide the grid-computing community with an open-source solution for the adoption of grid computing. Initially, each gridcomputing implementation provided a gridcomputing infrastructure that was based on unique commercial programming models, which created issues for operating across heterogeneous grids.
& A strategy was planned that allowed us to add value for our customers in the areas where our ability to do so was greatest, namely, in middleware & Customer and ISV applications had to be specifically factored to run on each commercial grid implementation. In reaction to this, communities that are implementing grid-computing technology today are calling for standards that will enable applications to share system resources (CPU, memory, storage and networks) regardless of server platform or grid middleware infrastructure.
IBM has assumed an industry leadership role to promote the definition and implementation of standards for grid-computing environments based on the Open Grid Services Architecture (OGSA). IBM is participating in the Global Grid Forum (which is responsible for defining standards for grid computing) and the Globus Alliance Project (recognized as a leader in providing open-source solutions for grid computing). Our goal is that ISVs and customers refactor their applications (i.e., remove or rewrite old code) to run on implementations based on the OGSA.
IBM has made tactical OSS contributions to the Globus Toolkit to support eServer* zSeries*, Open source has been most successful with programs whose appeal is broadest and where there is commonality of interest between developers and users. This is most apparent in the success of Linux, Apache, and Eclipse. The market for many of IBM's products is narrower-fewer organizations require the kind of enterprise-level software for which we provide the greatest value. We believe our OSS model is sustainable although we accept that it will need to evolve in its details.
We foresee an ongoing focus on adding value for the customer, particularly at higher levels in the software stack-whether in proprietary or open software-as lower layers become increasingly open and standardized.
CONCLUSION
In summary, we have learned a great deal during the past several years to enable what we believe is a balance between our traditional commercial business and our engagement with the open-source community. At the beginning, we recognized the need to address the strategic implications from both business and legal points of view. In addition to benefiting from the work of the greater community, we saw an opportunity-if not a responsibility-to actively participate and contribute toward the vibrancy of key OSS projects. We will endeavor to maintain this symbiotic relationship to the benefit of our customers, business partners, and shareholders. 
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1. We are well aware of the distinctions between ''free'' and ''open source'' software, but will treat them equally for the purposes of this paper.
